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HRU definition in ArcSWAT – theoretical example

a) absolute area b) percentage area
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”For most applications, the default settings for land use 

threshold (20%) and soil threshold (10%) and slope threshold 

(20%) are adequate.” (Winchell et al., 2007, p. 126)

ArcSwat example output

HRU definition in ArcSWAT
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Minimizing the aggregation error using R

• define the method (ha or %) and the range for a threshold application

You simply need the Full HRU table generated from ArcSWAT

as input for an R-script,   where you can

• for each threshold combination (land use / soil / slope)…                                

…define HRUs (as ArcSWAT would do)                                                       

…and calculate the Relative Total Error (RTE) compared to the full HRU 

distribution

• plot and analyze results

• Choose the method (ha or %) and the range for a threshold application
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𝑦 = HRU area (𝑎𝑔𝑔 and 𝑟𝑒𝑓 denoting aggregated and reference, respectively)

𝑖 = subbasin index 1,…,𝑛𝑖
𝑗 = HRC index 1,…,𝑛𝑗 (Hydrologic Response Criterion, 

e.g. 1 = land use, 2 = soils, 3 = slope)

𝑘 = HRC category index 1,…,𝑛𝑖𝑗𝑘 (i.e. different land use, soil, and slope classes, 

𝑘 depends on HRC and subbasin)

𝑅𝑇𝐸 =
1

𝑛𝑗  𝑖𝑗𝑘 𝑦𝑟𝑒𝑓𝑖𝑗𝑘
 𝑗𝑘(|𝑦𝑎𝑔𝑔𝑖𝑗𝑘-𝑦𝑟𝑒𝑓𝑖𝑗𝑘|)

Relative Total Error

RTE is the sum of absolute residuals of the land use, soil, and slope

distributions between an aggregated solution and the full HRU distribution

normalized by the full HRU area distribution.

RTE can range from 0 to 1 (or from 0 to 100%).
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Results

(for 15,625 

solutions)

Upper Amazon Basin

1.02 106 km²

Max. number of HRUs (full distribution): 6245

Commonly used thresholds 20%/10%/20%

 425 HRUs

 Relative Total Error: 28.8%

Method:

Percentage

Threshold range: 

1 … 25%

Threshold step: 

1%
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Upper Amazon Basin

1.02 106 km²

Max. number of HRUs (full distribution): 6245

Results

(for 15,625 

solutions)

Method:

Percentage

Threshold range: 

1 … 25%

Step: 1%

Method:

Area (ha)

Threshold range: 

5.000 … 125.000 ha

Step: 5.000 ha

Percentage vs. Absolute Area method



SEITE 9

Upper Amazon Basin

1.02 106 km²

Max. number of HRUs (full distribution): 6245

Which thresholds to choose if desired

number is around 1000?

125.000 / 20.000 / 5.000 ha

 1002 HRUs

15.000 / 15.000 / 20.000 ha

 999 HRUs

Results

(for 15,625 

solutions)

Method:

Percentage

Threshold range: 

1 … 25%

Step: 1%

Method:

Area (ha)

Threshold range: 

5.000 … 125.000 ha

Step: 5.000 ha
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Effects of HRU threshold

application on SWAT outputs

(uncalibrated model)

Full HRU distribution

(= 6245 HRUs)

Option 1

15k/15k/20k ha

(= 999 HRUs)

Option 2

125k/20k/5k ha

(= 1002 HRUs)

Option 3

20/10/20%

(= 425 HRUs)
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Effects of HRU threshold

application on SWAT outputs
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Summary / conclusion

• HRU aggregation is often necessary for efficient simulations but 

causes model errors

• So far no reasonable guideline for selecting HRU thresholds 

• R-Script to efficiently analyze thousands of threshold combinations

 R-Script allows identification of best thresholds given a desired 

number of HRUs (or given a maximum tolerable error)

 i.e., errors in the spatial distribution of land use, soil, and slope which in 

turn cause errors in model outputs

 Should be useful for the model community (as tool provided on SWAT 

homepage or even implemented into ArcSWAT?)



SEITE 15



SEITE 16

Additional slides
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Reducing complexity (i.e. the number of HRUs)

1. Generalization of single input data

• Aggregation based on cluster analysis (e.g. aggregate hydrologically

similar soil types)

• Best practice, but difficult, requires expert knowledge

2. HRU aggregation (discard small HRUs)

• HRUs with area below threshold are discarded

• Remaining HRUs „blow up“ proportionally to „fill gaps“

• Common practice (e.g. thresholds in ArcSWAT‘s HRU definition), easy, 

but can result in large errors (compared to „true“ distribution of

landscape characteristics)


